CD4 expression is rare in diffuse large B-cell lymphoma (DLBCL), with 4 previously reported cases. Its significance is uncertain. We report five patients with CD4
INTRODUCTION
Most cases of diffuse large B-cell lymphoma (DLBCL) show expression of B-cell antigens CD19, CD20, CD22, and CD79a. Variable expression of CD10, BCL-6, IRF4/ MUM1, FOXP1, and less commonly CD5, is also observed. Surface/cytoplasmic light chain expression is usually present [1] . The expression of T-cell associated antigens is not seen in benign lymphoid proliferations and is uncommon in B-cell non-Hodgkin lymphoma (B-NHL), most frequently occurring in the setting of chronic lymphocytic leukemia/small lymphocytic lymphoma [2] . In a series of 101 B-NHL, CD2, CD5, and CD7 expression was seen in only one quarter of cases [3] . CD8 (2%-3% of cases) expression has also been documented [4] . CD3 and CD4 expression, however, are exceedingly rare in DLBCL with only 4 cases of the latter reported in the world literature to the best of our knowledge [5] [6] [7] . Herein, we report a series of six cases of CD4 + large B-cell lymphoma (LBCL) identified from our institution and review the pertinent literature to determine the incidence and possible mechanisms of aberrant T-cell antigen expression in B-NHL.
LITERATURE
Permission for the study was granted by the Washington University (WU) Human Studies Committee. Consecutive cases diagnosed within a 21-year period in patients 0-99 years old were identified by searching the Copath database of the Division of Anatomic Pathology at Barnes Jewish Hospital/WU (WU/BJC) using the terms "large B-cell lymphoma" and "CD4" in any field. Each hit was then individually reviewed to identify cases of DLBCL with concomitant CD4 expression or aberrant expression of other T-cell antigens by immunohistochemistry or flow cytometry. Clinical data were acquired from WU/BJC Clinical Desktop, CoPath, and Touchwork databases, and by clinician interview. Mortality data were also procured from the Social Security Death Index.
RESULTS
Histologic and clinical features for all six cases are detailed in Table 1 . Patients ranged in age from 22-79 years (average 54 years), and included 3 men and 3 women. Due to the retrospective nature of the study information about extent of disease at presentation was limited to three patients, and ranged from relatively limited disease in patients 1 and 2 to more extensive involvement in patient 5. Lymph node biopsies were obtained from the cervical or supraclavicular regions in 4 patients. In patient 1 tissue from the left maxillary sinus was biopsied, and in patient 6 the skin of the right leg was sampled.
Grossly, the tumors were noted to have a soft, grey/gelatinous appearance in two cases, and in one of these cases it was mistaken as a myxoma initially. In terms of immunophenotype, the neoplastic cells usually expressed CD45 (4/4 tested cases), CD20 (5/6 tested cases), CD19, and PAX5. BCL2, BCL6, and CD10 expression were also seen implying a germinal center origin (Figures 1-3 ). BCL2 and BCL6 expression were seen in 3/3 tested cases. CD4 was expressed in the vast majority of cells in 5/6 cases, and was positive in approximately 1/2 of the large cells in the biopsy from patient 4 ( Figure 3 ). All cases were tested for CD3 expression by immunohistochemistry and were negative. With the exception of patient 4, the malignant cells in all patients were positive for CD20 immunohistochemistry. A monoclonal rearrangement of IgH by polymerase chain reaction (PCR) established the malignant lineage of the cells from patient 4. In addition to CD4, aberrant expression of T-cell antigens CD2 and CD5 was noted in two cases each and CD7 in one case. No TCR rearrangements were found in one tested case.
Five patients were diagnosed with DLBCL, including Clinical follow-up was available for 5/6 patients, who were all treated with multiagent chemotherapy. Two patients received stem cell transplants. Two patients had an initial response until lost to further follow-up at 6 and 72 mo, respectively, and 3 died of progressive disease between 6-15 mo after original diagnosis. Average survival was 44.2 mo overall, and 11.7 mo for those who died.
CONCLUSION
Herein, we report the largest series of ALK-negative CD4-positive DLBCL. Five cases were DLBCL, NOS and one was an example of PMLBCL. In our cohort (n
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+ diffuse large B-cell lymphoma surface kappa light chain, CD4, and CD7 by flow cytometry. The patient was an 81-year-old man with moderate lymphadenopathy but no organomegaly or bone marrow involvement. He had stage Ⅲ disease and was lost to follow up after 13 mo of stable disease. The next patient was an 82-year-old man who was found to have left cervical and left inguinal lymph node swelling. Biopsy of an involved lymph node showed DLBCL. Dual staining confirmed that the cells of interest were positive for both CD4 and CD19. Complete remission was achieved after five cycles of rituximab, cyclophosphamide, doxorubicin hydrochloride, vincristine sulfate (R-CHOP) [11] . 2010, Arrondini et al [6] reported 2 cases of CD4 + DLBCL occurring in the small bowel. The first of these was a 55-year-old woman who presented with lymphoma entrapping the last part of the ileum, pancreas, and omentum. Molecular studies showed a clonal IgH rearrangement and no BCL2 rearrangement. The patient received dose-escalated (Mega) CHOP but two weeks later required a laparotomy for resection of 60 cm of ulcerated and perforated small bowel. The patient received 5 more cycles of R-MegaCHOP and achieved complete remission. The second case reported by Arrondini et al [6] involved a 73-year-old man who presented with DLBCL involving the ileum. A staging bone marrow biopsy was negative.
The patient was treated with adjuvant chemotherapy. Two years later, he presented with an enlargement of the pancreatic head and a mass involving the right = 6), the average patient age was 56 years (range: 22-79). There was no sex predilection (3 males, 3 females). Lymph nodes were the most common site of involvement (67%). All patients received multi-agent chemotherapy, and two patients underwent stem cell transplantation. Average overall survival (n = 6) was 44.2 mo. For those who died (n = 3), average survival was only 11.7 mo. The aberrant expression of T-cell associated antigens is not seen in benign lymphoid proliferations and is rather uncommon in B-NHL [7, 8] . Nonetheless, aberrant expression of CD5, CD2, CD3, CD4, CD7, CD8, and CD45RO (UCHL-1) have all been reported in B-cell lymphomas. Most commonly, aberrant expression of T-cell antigens is seen in CLL and mantle cell lymphoma. Overall, the reported frequency of T-cell antigen expression in B-NHL ranges from 19% to 25% [8] . CD4 expression is unusual in B-NHL. It has been reported in plasmablastic lymphoma (3 cases), DLBCL associated with chronic inflammation/ pyothorax-associated lymphoma (1 case), and CLL (1 case) [9] . Interestingly, CD4 positivity is frequently seen in ALK + DLBCL with one series citing a frequency of 64% (14/22 cases) in these rather uncommon neoplasms [10] . In DLBCL, NOS, CD4 expression is particularly rare with only 4 cases reported in the world literature to the best of our knowledge [6, 8, 11] . Review of the literature shows four prior reports or ALK-negative, CD4-positive DLBCL ( Table 2 ). The earliest case was identified by Olack et al [8] who described a case of DLBCL that was positive for CD19, September 26, 2016|Volume 6|Issue 3| WJM|www.wjgnet.com 
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+ diffuse large B-cell lymphoma adrenal gland and superior pole of the right kidney. Retroperitoneal lymph-node fine needle aspiration showed numerous large lymphoid cells with centrallylocated nucleoli and vesicular chromatin. Aberrant expression of CD4 in DLBCL is a rare but intriguing finding that raises questions of lineage fidelity and the biology underlying such aberrant expression. Under physiological conditions, lineage commitment and differentiation are considered unidirectional and irreversible processes [12] . That is to say, a lymphocyte committed to the B-cell program is destined to become a B-cell, one that we do not normally expect to dedifferentiate to an immature form. So how then does one explain aberrant T-cell antigen expression in B-cell lymphomas? Various hypotheses, some of which challenge this paradigm, have been advanced to account for this unusual phenomenon.
Some believe that aberrant expression is the result of neoplastic transformation at stem cell level before commitment to either B or T-cell differentiation [13, 14] . Others postulate expansion of a normal subpopulation expressing T cell antigens [CD5 + B1 cells, CD2(+) B cells, CD7(+) B cells] [8, 15] . It is also possible that deregulated control of gene expression in malignant B cells leads to the activation of some otherwise silent or repressed genes of T-cell differentiation [8, 13, [15] [16] [17] [18] . For example, deregulated/damaged PAX5 might downregulate B-cell antigens and lead to aberrant expression of a T-cell antigen such as CD4. This notion is corroborated by murine models in which conditional deletion of PAX5 resulted in dedifferentiation of mature peripheral B cells into early uncommitted progenitors that were able to rescue T lymphopoiesis in the thymus of T-cell-deficient mice [12] . The import of T-cell antigen expression in B-NHL lies beyond its identification as a biological curiosity or its role in helping us understand lymphopoiesis, and in turn lymphomagenesis. There are practical implications as well. Particularly, recognition of T-cell antigen expression in B-NHL is important to avoid erroneous diagnostic consideration of a T-cell malignancy, a potential pitfall that is potentiated by sometimes weak expression of B-cell defining markers. Given that T-cell markers are not routinely performed in cases of DLBCL, the actual incidence of CD4 positivity may actually be higher than cited in the literature. However, results from sizeable series looking at T-cell antigen expression in B-NHL would argue against this possibility and suggest that CD4 expression is in fact rare [3] . We must also consider whether there are any prognostic implications. The data are not entirely clear in this regard. There are isolated reports showing worse outcomes for T-Ag (+) B-NHLs. Some report increased extranodal involvement and a higher International Prognostic Index (high and high intermediate) score in such cases [3] . On the other hand, Olack et al [8] did not find any difference when T-Ag (+) B-NHLs were compared to their normal B-NHL counterparts. With regards to our series of DLBCLs expressing CD4, it appears that at least a subset may behave aggressively based on our data. In summary, aberrant CD4 expression in ALK-negative DLBCL is a rare, but documented, phenomenon that raises interesting biological and diagnostic considerations. Hussaini MO et al . CD4
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